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SUMM#&Y

Tests were oonductdd on a 1600-poLmd-thrust oentrifugal-flow-
type turbojet engine equipped with an NACA designed ad~ustable-area
e?kaust nozzle and with a series of fixed-area nozzles of various
throat diameters. The effective area me obtained on the
miable-area nozzle corresponded to the area ohange accompanying
a variation in fixed-area-nozzle throat diameter of from 11.1 to
12.6 inohes.

A oomparlsom of the performmce data of the engine obtained In
the two series of tests indioated that the ad$mtable-area nozzle
was as effioient as the fixed-area nozzles tested.

mTRmucTIoN

In their present stage of development, it is advantageous to
provide existing Jet-propulslcmengines with a mthod of au@enting
their power output for take-off, climb, and during ombat when
sudden bursts of power -y be necxmsary. Investigations of methods
of providing this momntm’y power inoreaee indloated the desirability
of a variable+mea eibaust.nozzle, When used in conjugation with an
augmentation sohem)” an adJustable+rea 6Xust nozzle should permit
the tmbine-dlsohar~ tempemturej which Is emqasure of the tWbine-
buoket temperature, to”be mintained at its wrmal value. An ad@stable-
area exhaust nozzle Is also valuable for qoml operation beoause the
engine W be operated at maximum effioiemy or mximuu power out@J J
over a wide range of engine inlet temperatures and pressures and airplane
speedsz W ad$asting the disoharge nozzle area.
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Certain $et englne~ ara equl~ed withsn adJustable~ dis-
oharge nozzle of the follawing type: The inner exhaust oone, behind
the turbine, Is equipped with a movable conloal end section. This end
seotion ertends beyond the ctroular nozzle opening and thus provides
an annular disoharge area, which may be marled by moving the oonioal
end”section along the axis of the engine. The adjustable-area exhaust
nozzle ,desorlbedin thin paper is into-tiedfor use on Jet engines not
equipped klth a means of varying the discharge nozzle area.

,.

This report presents performnoe data obtained during April 1945
at the NACA Cleveland laboratory on a 1600-pound-thruet centrifugal-
fluu-type turbojet engine equipped with an NAM designed adjustable-area
exhaust nozzle. In order to obtain a basis of comparison, performnoe
data were also obtained on the engine equip-pedwith straight-sided
fixed-area nozzles of various thr~t diameters.

,.

~.. IE&UPTION OF APPARATUS
. .

The adjustable-area exhaust nozzle used for the test reported
herein (see fig. 1) consists of a spherioal nozzle with a olrcular
discharge area equipped with two adjustable flaps. Both the nozzle
and the flaps are so mde that their surfaces lie on concentric
spheres, thus allowing relative motion between the flaps and the
nozzle without changing the radi”alclearance between them. Inasmuch
aa relatively large clearances are used between the flaps and the
nozzle to prevent sticking at high operating tempe?mtures, thin metal
sealing strips (fig. 1) are provided to prevmt leakage. The flaps
are adJusted by a screw-operated linkage. The linkage was designed
only for test purposes and is not intended for use in flight installat-
ions . The nozzles used for comparison (fig. 2) were straight-sided
fixed-area nozzles with throat diameters varying from 11.5 to
13.5 inohes and with equal angles of taper.

The nozzle tests described in this report were conducted with
the nozzle mounted.on a 1600-pound-thrust centrifugal-flow-type
turbojet ongine. ~ instalktion of the adjustable-area nozzle on
the”jet engine $s shown”in figure 3.

‘1’TSTPROCEDURE

In order to adJust the nozzle through its entire range, that
is, from the full-closed te the full-open position, 24 turns of the
adjusting screw were required. Tests were conducted at O, 6, 12, 18,
and 24 turns open. The throat diamsters of the fixed-area nozzles
used to obtain a basis for comparison were 11.5, 12,0, 12.5, 13.0,
and 13.5 inohes.
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. . . Tests were condyoted In ‘thefollowlng namer: Yor a given

.p&ition of the ad~ustable nqzzle or for a glvmz fIxed-area nozzle
. ..alze~;parfmmanoe data were obtqtned a+ yxrlops=tor s~eds -xvmglng..

from 12,000 rpm to either 16,500.rp or.to the speed corz%spondlng
to the maximum allomble tail-pipegas temperature. This prooedure
.vas~peated” for all fix9a-area nozzle.slze~ @d for several posltlons
.&
to

. ..

the adjustable.nozzle.” All te@s were .-” on the eemw d~- In order
maintain relatively constant inlet conditions.

;“
..-

RESUEK! AND DISCU&WOIV‘ .

me “Mtio~~e da- obtained as observed and as corrected to
standard ~ea-level oonditione at &@ne Inlet (519° R and 14.7 lb/sq In.
absolute) are presented in table 1.

The corrected statlo thrust, fuel flow, and tail-pipe gas temper-
ature are shown as functions of corrected rotor speed In fIgures 4,
.5, end 6, respectively. Part (a) of oaoh fIgure presents data for
various positions of the ad$astable nozzle and prt (b), for various
throat dlemeters of the fixed-area nozzles.

The data presented in figures 4 and 5 are cross-plotted In fig-
ure 7 to provide curves of static thrust agnlnst fuel flow at several
constant rotor speeds for both the ad.justabls-areanozzle and the
fixed-area nozzleo. Obviously, the highsr the thrust produced at a
given fml flow and rotor speed, the more efficient the nozzle. The
dlaoharge area of the adjustable nozzle ohanges from circular In.the
full-open position to elllptloal In the full-closed position. Thel?s
was a possibility that this elliptical shape might incur more lnsses
than the ciroular but figure 7 Indicates that the adjustable-area
nozzle, In all positions, was as efficient as t.?.?efixed-area nozzles
tested.

Cuzwes of static thrust against tail-pipe gas temperature at
several constant rotor speeds are p~sented In figure S (croos plot
from figs. 4 and 6) for both the adjustable-area nozzle and the
fixed-area nozzles. Beoause the measurements of tall-pipe temper-
ature were less accurate than the fuel-fluw data, any slight disc-
repancy between the curves of fi~es 7 and 8 ~ be attributed to
experlmontal error; both figures 7 and 0, however, Indioate that the
adjustable-area nozzle was as efficient as the fixed-area nozzles
testeal.
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Ylgure 9 presents the bqulm%lent throat diameter of a fixed-
area nozzle corresponding to a given position of the adJustable-area
eihaust nozzle. This ourve was obtaimd from the data of figure 5.
The”fuel flow for a given rotor speed and fixed-area-nozzle diamter
“wasfound from figure 5(b); with the same rotor speed and fuel flow,
the adjustatile-nozzle pcsitlon oorrespondlng to the given nozzle
diameter was.found frmu the data of figure 5(a). This prooed~ was

repeated until a complete curve was obtained, Although the curve Is
drawn for a cokstant rotor speed of 14,000 rpm, the variation with
rotor speed is slight. By means of the adjustable-area nozzle tested,
an effective-area range could be obtained corresponding tc “thearea
-e accmWWiW a ~riation In fIxed-area-nczzls throat dlamter
from-11.1
nozzle of
the.upper
design of

to-12;6 inches. Although the area range possible for a
this typ is relatively fixed for a given tail-pipe diameter,
and lower area llmlts may be readily varied by altering the
the nozzle and flaps. (See fig. 1.)

SUMMARY OF RESULTS

“ A ccmpartson of the performance of a 1600-pound-thrust centrifugal-
flow-type turbojet engine when equipped with m NACA designet ad~ustable-
area exhaust nozzle and when equipped with a series of fixed+,rea
nozzles of various throat diameters indicates that the ad~ustable-
a?%a nozzle 1s as efficient as the fixed-area nozzles tested.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aercnautlcs,

Cleveland, Ohio, August 16, 1945.
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I - PERFORMANCE OF 16C0-POUNC-THRUST CENTRI. UGAL-FLCV,-TYPE TURBOJET EkGILE ELUIPPEL v+ITH Ah ALJu5TA@LE-AREA EXHAUST NOZZ

ANC pERFORl,IAhCt KITk FIx EL-AF(LA kL)Z,zLES OF v~RIOUS TH?CAT CI AMETERS

[A: observed and as corrected to standard sea-level conditions (111.70 lb/sq in. abs, and 549° R) at engine inlet]
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Figure I.
&

- Details of NACA designed adjustable-area nozzle and operating linkage. :
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mReading A(i nJ B(i n)

BI-B4 11.5 12.5
B5-B9 12.0 10.3

BIO-B15 12.5 8.o
B16-821 13.0 :.(
B22-827 13.5 .

NATIONAL ADVISORY
COW41TTEE FOR AERONAUTICS

Figure 2. - Details of fixed-area nozzles.
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Figure 3. - Installation of adjustable-area nozzle on jet-engine tail pipe.
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(a) Adjustable-area exhaust nozzle.

Figure 5. - Variation of fuel flow with exhaust-nozzle area and
rotor speed.
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Figure 6. - Variation of tail-pipe gas temperature with exhaust-
nozzle area and rotor speed.
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Figure 7. - Variation of thrust with fuel flow for constant rotor
speeds. (Cross plot from figs. 4 and 5.)
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